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Cataract, Increased |OP, Decreased Visual Acuity,
Conjunctivitis, Photopsia, Macular

Degeneration/Nutrition

R.R. Ansari and J. Sebag in Teleophthalmology, Springer-
Verlag, 2006




In the absence of proper countermeasures
space travel accelerates the aging process

Looking at the Molecular Level




“Window to the Soul”, could it
be a “Window to the Body”?

EYE "MICROCOSM OF THE BODY"

* Eye is built like a camera.

. Light from cornea to the retina traverses thrnugh tissues that are
representative of nearly every tissue type in the body.

¢ Cornea: typical extra-cellular matrix composed primarily of collagen.

* Aqueous: an ultrafiltrate of blood, containing most of the molecules
found in serum at concentrations that are reflective of serum levels.

Lens: highly organized array of crystallin proteins.
Vitreous: similar in nature to the articular cartilage and synovial fluid
found in joints.
* Retina and optic nerves are in fact part of the central nervous system.
* Since eye is easily accessed by light, the optical technologies can be
used for the evaluation of structure and physiology in health, aging,
and disease.




Requires Development of Compact,
L ow-Power, Light-welght, Sensitive,
Non-Invasive Technologies

Looking at the Molecular Level




Non-Invasive Compact Fiber Optic Probes
(Modular approach)

Ansari and Suh, US Patent 5,973,779




Technologies and Readiness Level

Instruments in Use

Diseases/Studies

Dynamic Light Scattering (DLYS)
In Clinical Use

Corneal Diseases and Wound Healing (LASIK), Lens Aging and Cataract,
Uveitis, Glaucoma, Vitreous Aging and Lysis Studies,

Drug Efficacy Studies, Alzheimer’s, Cholestral,

Studies on Effects of Radiation, Hyperbaric Oxygen and other conditions on Eye
Tissues, Diabetic Vitreopathy

Corneal/L ens Autofluor esence
Some Clinical Data

« Radiation induced biological effects
« Diabetic Retinopathy

Laser-Doppler Flowmetry (LDF)
(Flown on KC-135)

In Use JSC Astronaut Suit Lab

« Physiological circulatory changes

» Hemodynamic Response/Fingertip Study

* Choroidal blood circulation

» Age-related Macular Degeneration (AMD)
« Diabetic Retinopathy

Raman Carotenoid Dispersion Analysis
In Clinical Use

« Lack of Nutrition (Luetin/X eaxanthin)

« AMD

* Skin cancer

* Stress status of living plants and plant products

Ocular Polarimetry (optical activity)
Laboratory Use

« Blood-glucose Sensing

Tissue Oximetry
(Flown on KC-135 and Single-Engine Airplane

» Muscle Atrophy and Osteoporosis
 Hyper-/Hypo-tension

eFunctional Imaging of Brain

* Occult Blood Loss

« Pilot Fatigue/Flicker Study

Tissue Capillar oscopy
(In Design Stage for use in Conjunctiva)

 Micro-circulation/Blood vessel tortuosity (long-duration confinement/bed
rest/exercise, Immune system)
« Functional Imaging of Blood Flow

Celestial and Terrestrial Tele-
Ophthalmology:
All of the above in a Tele-medicine Integrated
Head-mounted Goggle-like Diagnostic Device
(Under Development)

« Various Ocular and Systemic diseases using “Eye as a window to the body”

NEW TECHNOLOGIES




Current Sudies

Ocular Diseases:
Systemic Diseases:

Space Medicine | ssues:

Occupational Medicine:

Aviation Medicine
and Safety:

Cataract, AMD
Alzhaemer’s, Diabetes
Radiation effects, EVA'S

(finger-tip injuries)
Oxidative stress in JSC diver
population

Pilot Fatigue & neurovestibular
effects (Flicker Vertigo)




Oxidative Stress Leads to Aging and Disease

Oxidative Stress Source:
hyperoxia, radiation, noise, exercise, dust

NASA research DOD/Homeland Defense

’ research

Reactive Oxygen Species (ROS)

l Formation l

Space & solar l
System: Astronaut Terrestrial:
Health Damage to cells and molecules: Military, Security,
lipids, proteins, DNA Radiation worker, Health
isoprostanes, MDA, 4-HNE, 8OHdG worker

Anemia \ Cataracts & corneal lesions

Muscle fatigue . . .
Cardiovascular and respiratory disease

Neurodegenerative

Cancer diseases

Whole body cellular level injuries occur with oxidative
stress due to reactive oxygen species (ROS)



Diseases of radiation-exposed tissues
linked to

Cataracts

Age-Related Macular Degeneration




Vilhjalmur Rafnsson etal, Arch Ophthalmol. 2005;123:1102-1105

Popul ation-based case-control study of 445 men.
Conclusion: The association between the cosmic

radiation exposure of pilots and the risk of nuclear

cataracts, adjusted for age, smoking status, and
sunbathing habits, indicates that cosmic radiation may
be a causative factor in nuclear cataracts among

commercial airline pilots.
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Global Blindness

o 37 million blind people and 124 million with low vision,
excluding those with uncorrected refractive errors.

 The main causes of global blindness are cataract, glaucoma,
corneal scarring (from avariety of causes), age-related
macular degeneration, and diabetic retinopathy.

Global Vision 2020 initiative is having an impact to reduce
avoidable blindness particularly from ocular infections, but
more needs to be done to address cataract, glaucoma, and
diabetic retinopathy.

A Foster and S Resnikoff, “The impact of Vision 2020 on global
Blindness’, Eye (2005) 19, 1133-1135.




BLINDNESS: A Global Tragedy
Seeing-eye Children of Africa

Photo taken from LIFE
Magazine Aug 94 issue.

LIFE August 1994




BLINDNESS DUE TO CATARACTS

e Worldwide, 50% of all blindness is due to cataracts

¢ No medical treatment

* 1.4 million cataract surgeries are performed each year
in the U.S.

* 53.4 billion spent through Medicare

* 34 million Americans have cataracts over the age 65

e 70) million Americans will have cataracts in year 2030
compared to 34 million figure today

"A delay in cataract formation of about 10 years would
reduce the prevalence of visually disabling cataract by

about 45%"
(Carl Kupfer, MDD, Director NEIYNIH, The Conguest of Catavact:

A Global Challenge, trans. Oplthal., Soc,, UK, 1985)




DLS s 2-3 orders of magnitude more sensitive

Datiles and Ansari, Chapter 73B, Duanne’s Clinical Ophthal mology,
2009




New Developments and Use In
Ophthalmology

Ansari, R.R., “Ocular Static and Dynamic Light Scattering: A
Non-Invasive Diagnostic Tool for Eye Research and
Clinical Practice”, J. Biomed. Optics, 9(1) 22-37, 2004.

Ansari, R.R., “Quasi-Elastic Light Scattering In
Ophthalmology”, Coherent-Domain Optical Methods for
Biomedical Diagnostics, Environmental and Material
Science, Kluwer Academic Presss, Chapter 11, 2004.




*Aging Baseline established (humans)
Response to HBO established (guineapigs)
Response to UVB established (guineapigs)
Response to ionizing radiation (rabbits)

Response to anti-oxidant treatment to treat
cataract (rats)




How the Early DL S Detection
System Works?

Output
Detector & 22

Laser Power: 100 Micro Watts
Exposure Time: 5 Seconds

Data Acquisition/
Signal Processing




Association Between Nuclear Opalescence LOCS Il Grades
Obtained Clinically and the Nuclear Densities (odu),
Together With 95% Error Bars
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Datiles, M. et. al, Brit J. Ophthalmol. Vol. 79, 527-534, 1995




Particle size distribution from DLS Scheimpflug Images

Sensitivity of ‘ ¥

Ny, on LOCS I

DLS Compared 1 10 100 1000 10000
To Scheimpflug?

(in a Cold-Induced Cataract | “l L am.
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Ansari and Datiles,
Exp. Eye Res., i
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Evaluation of Pre-senile Cataract with DLS and
Comparison with AREDS Optical Lens Gra(fli ng
System

NASA-NEI Collaboration

Manuel Datiles, MD

Rick Ferris, MD
George Reed, PhD
Susan Vitale, PhD
Kwang Suh, PhD
Rafat Ansari, PhD




Recent Clinical Study:

Alpha-Crystallin Index: A New
Parameter to Assess Susceptibilty to

Oxidative Stress leading to Catar act
In Humansusing DL S

Archives of Ophthalmology Vol. 126,
December 2008




NASA'’s Clinical DLS Device in use at
NEI/NIH (M.B. Datiles III, M.D.)

DL S Probe Mounted on a Keratron for
Lens and Cornea




Normal Lens Nucleus NO & N1 (AREDS)
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* o Index: Amount of unbound alpha-crystallin in
the lens.

 Act as molecular chaperones which prevent lens

protein aggregation due to oxidative stress

* Decreasing levels of alpha-crystallin are
assoclated with increased risk of nuclear sclerosis




Nuclear Opacity Grade < 1.0

(Clear lenses)
|J I P=0.0001

7-25y 26-35 36-45 46-55 56-65 66-75 76+
Age



0.0-04

Age 60-70 years

05-10 1.1-19 2.0+

Nuclear Opacity Grade



11 month Follow up of Pre-
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Conclusions and Current Status

* The aCl, a measure of the amount of alpha-
crystallin in the lens significantly decreases with
age and with cataract formation.

e Decreasing levels of a-crystallin are associated
with increased risk of Oxidative stress.

o Currently, clinical work is continuing at NIH and
Wilmer Eye Institute of Johns Hopkins- Oxidative
Stress Mechanism post vitrectomy surgeries-
synergistic with DARPA/NASA proposed work.




Cataract Prevention or Reversal ?

|s Treatment Possible ?

eAldose Reductase Inhibitors
ePantethine
*Tempol-H (NIH)

sAntioxidants (red wine, tea
caretonoids, isoflavones)

*Vitamin Supplements
(AREDS Study)




SLS/DLS
Probe —

Anesthesia

tube \

Animal Close-up

Probe translation
actuator and
stage

-\

Thermal

Animal

Ansari et al, Ophthalmic Tech. XIlI,
SPIE Vol. 4951, 2003




Pantethine Treatment 1n Rats

Particle-Size Distributions after DLS Exponential Sampling Analysis

Control




OCTOBER 2004

Studies of the lens
of the eye not only
could reveal ways
to prevent
cataracts but also
might illuminate
the biology of
Alzheimerss,
Parkinson’s and
other diseases

in which cells
commit suicide

By Ralf Dahm
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Early Detection of Amyloidogenesis (Alzheimer's)
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Seeing the Invisible
with DLS

Vitreousin Aging and
Disease

Diabetes accelerates the
Aqging Process

Prevention of Retinopathy
of Pre-maturity

*EXp. Eye Res., 73(6), 859-866, 2001
*Graefs Arch Clin Exp. Ophthalmol, 245: 676-580, 2007




CORNEAL EVALUATION
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Molecular measures of clarity




To this date this remains of unknown etiology




Output = f0 + Af

Af ¢ Vg

Moving RBC
Choroid

ChBF plays a major role in the supply of nutrients to the
photoreceptors and pigment epithelium in humans




Weight: ~2 Lbs
Laser: 875 nm
Power: 100 uW
Duration: 10 s
Non-mydriatic







Choroidal Blood Flow Measurements in 0-G-2G




Sample Flight LDF Data: MD (49 years old)







[ SPECIAL REPORT

Review of
REFRACTIVE

www.reviewolrefractivesurgery.com

Leslie Sabbagh, Edl'fﬂ_rﬂ Chief




Jeffery Jones, MD, JSC

Luca Pollonini, PhD, UTHSC
Mikael Rodriguez, UTHSC

Roedol ph Opperman, MIT/USRA
Jason Hochstan, | SU/USRA

Ansari et al., Opt. Diag. and sensing, BIOS, Vol 7186-08, 2009




EMU Glove
 Most complex and most critical part
of the entire suit.

e 22 Apollo-era astronauts said “of all

the future improvements in the EMU
suit, improving the glove is the most
Important”




Distal phalanges

In the EVA environment the hand
IS not only a multipurpose tool
out also the primary means of
ocomotion, restraint, and object
nandling

1 \
L, ) { oo T \
Proximal phalanges \ \ ‘»—= ( /

Metacarpals

Carpals

Existing EVA gloves significantly reduce hand
dexterity, range of motion, tactility, strength, and
endurance. In addition, they are often
uncomfortable to the point of pain and/or minor
physical Injury to the hands




Injuries

Fingernail delamination
(onycholysis) Is by far the most
common injury reported among

astronauts training in the NBL and
performing EVA tasks.




Bladder Restrainer Thermal
Micrometeorid
Garment (TMG)




New Miniaturized Sensor

2 mm X4 mm x 6 mm embedded In the
astronaut EMU glove




Pilot Study (Summer 2008)

Ansari et al., Opt. Diag. and sensing, BIOS, Vol 7186-08, 2009

 How different loading conditions influence
skin blood perfusion in the finger aswell as

contact pressure on the hand.
e 7/ subjects (6 male and 1 female) were tested

* Perfusion decrement is a probable index of
damage




Fresh Fruit is a
treat In space




Flashes of Light (protons/cosmic
radiation ?)

Eye is the only organ in the human body that
instantly shows presence of ionizing radiation
in the form of visible light sensation.

Freedom7 Mercury 6

John Glenn
February 20, 1962




Diseases of radiation-exposed tissues
linked to

(Paulus and de-
Jong, Arch. Ophth. October 2008)




Fat-soluble antioxidants (1O,
guenchers)

Protect cellular DNA (lycopene)

Protect macular region of retina
(lutein and zeaxanthin)

Carotenoids

\\\\\\\\\ ~

Lycopene
a-carotene

3-carotene

Phytofluene




Carotenoidsin the Human Retina

 Macula: retinal area of highest
visual acuity

Xanthophyll carotenoids lutein
and zeaxanthin are

concentrated in macula.

Role of carotenoids. optical
filtering; antioxidants
(protection of maculafrom
light-induced damage)




Pigment Changes, Formation of drusen
(hard and soft), Atrophy of RPE and
photoreceptors, hemorrhage, etc.




Raman Scattering in the Human Macula
& Skin to Measure Carotenoids Non-
Invasively




* Macular pigment
levels were measured
In 220 dilated eyes
free of macular
pathology or visually
significant cataracts.

Means + standard
deviation for best
three out of five
measurements are
shown.

R=0.629; P<0.001

Raman Signal, counts (M + S.D.)

o

Prosthetic Intraocular Lens
Natural Crystalline Lens
R =0.629




Data Courtesy of Dr. Gellerman, U.O. Utah




Present: Fluorescene Angiography is the Most
Widely Used Technique

Fundus Photo Courtesy of J. Sebag, MD, USC




Metabolically active Epithelial and Endothelial cells
contain fluorophores: pyridine nucleotides (NADPH) and
flavins (FMN and protein-linked flavins)




A =500-520 nm

Green fluorescence

Eye ball

NADPH fluoresce in the reduced redox state and flavins in
the oxidized redox state




Results of a Preliminary Clinical Test Performed on
about 90 Diabetic Subjects

(the bars represent the standard error in the measurements)
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Non-invasive glucose detection:

aqueous humor

Glucose levels in the agueous humor reflect the blood
glucose levels with adelay of only afew minutes




Data Acquisition/
Analysis System

Detector

(APD or PIN PD)
. Filter \.

g

I
Beam Splitter a
Y 4
Rotating
Polarizer

Brewster Reflection

Light Source
(Laser or LED)

I Beam Splitter

& TECH BRIEFS

Ansari & Rovati, US PATENT
6,704,588, 2004
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PROTOTYPE GLUCOSE SENSING
INSTRUMENT




Non-Invasive Helmet-Mounted Glucose Meter

Rovati and Ansari, Handbook of Optical Sensing of Glucose
In Biological Fluids and Tissues, CRC Press, 2009




Upcoming Studies

e Pre-flight/Post-flight 1SS Crew

 NBL Diver Population




Compound Analyzed Changes Observed in Flight

Total Anti-oxidant Capacity Decreased 30%
SOD (super-oxide dismutase) Decreased 10-30%
Glutathione Per-oxidase Decreased 5-15%

Malondialdehyde Increased 100-200%
4-OH Alkenal Increased 50-150%

Urinary 8OHDG (urinary 8 Increased 40-200%
hydroxy-2 deoxyguanosine)

Source: Jeff Jones, MD,
Flight Medicine-NASA JSC




DARPA-Approved Proposal
Pre-Hight/Post-Flight Evaluations

Study of Oxidative Stress Leading to
Accelerated Aging —with Non-invasive
DL S and Raman Methods

Reactive Oxygen Species (ROS)-induced

final common pathways In Vivo!!

Bio-chemical AnalysissMeasure Biomarkers —
Relevant to FHight

Test Counter-measures (Anti-oxidants)




Non-| nvasive Assessment of Oxidative Stress and
Possibly Accelerated Aging in NBL Diver
Population Using DL S and Raman

Study to begin Soon
James S. Logan, MD




120 NBL Divers
Exposure Range: 0.52 Hrs-4000 Hrs




Normoxic Conditions v/s Nitrox-45

NBL Divers:
55% N>
45% O2

Air we breath:
/8% nitrogen
21% oxygen




NBL Diver Pilot Study Goal

e Establish correlation between
oxidative stress and repair
mechanism

Cross-sectional Study (using
DLYS)

Longitudinal Study (using
Raman)
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